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Abstract 
The aim of this study was to determine the reliability of a device in measuring physical activity. Another purpose of 
this article was to determine the daily amount of physical activity of a 10-year-old boy measured with this device.  
The study was carried out as a quantitative case study, and the material collection was performed with the help of a 
Polar Electro activity monitor. Our results show that for each day during the observed period, an average of 104 
minutes of at least moderate physical activity was measured. This is quite close to the general recommendations for 
physical activity given by the Young Finland Association. Physical education lessons seemed to have a noticeable 
effect on increasing the activity. 
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1. Introduction 
Physical activity is defined as any bodily movement produced by skeletal muscles that results energy 
consumption. Physical activity in daily life can be categorized into occupational, sports, conditioning, 
household, or other activities such as physical education in schools (Eisenmann & Wickel, 2009; 
Caspersen, Powell, & Christenson, 1985). Physical education should primarily promote health-related 
physical fitness, characterized by an ability to perform daily activities. Physical activity, exercise and 
physical fitness are terms that describe different concepts. However, they are often confused with one 
another, and the terms are sometimes used interchangeably (Caspersen, Powell & Christenson, 1985).  
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Physical activity is an essential part of our daily life and of a healthy and vital lifestyle. Physical 
exercise can help people to maintain a healthy body weight, lower blood pressure and cholesterol levels, 
lower their risk of cardiovascular or other chronic diseases, reduce stress and improve their overall mental 
outlook.  Physical activity is especially important in the growth and development of young children. 
Small children need no less than two hours a day of exercise. The exercise should be fun, diverse and 
appropriate to the stage of their development. Almost every Finnish child under the age of seven is in day 
care, and at this age they are in the key years of development of their motor skills. Therefore, it is 
recommended that physical activity should be an integral part of their daily programmes in day care. 
Furthermore, regular and well-organized physical exercise has beneficial effects on the overall health and 
well-being of school-aged children. It is suggested that children under 13 years of age should be engaged 
in physical activity for at least two hours every day and that 13-to-18 year olds should be active for at 
least one or one and a half hours a day. To encourage daily physical activity, the overall structure of the 
school day is important: the journey to school should be made by bicycle or on foot. Breaks between 
lessons can be spent engaged in some physical activity, and teachers can use physical activity as a tool for 
teaching in a variety of subjects as well (Nuori Suomi, 2008). 
According to Nupponen, Halme, Parkisenniemi, Pehkonen and Tammelin (2010), children ages 3-6 in 
day care are involved in physical activity for 1 hour and 39 minutes per day. On weekends, they spend 2 
hours and 7 minutes a day in physical activity. It was also found that 7-to-8 year olds engage in 2 hours 
and 17 minutes of physical activity on school days and 2 hours and 19 minutes on weekends. Further, 9-
to-12 year olds are active for 2 hours and 27 minutes a day. The most active were 10-year-old boys.  It 
seems that children have a natural ability to move, and it is has been shown that a physically active child 
will in all probability grow into a physically active adult (Fogelholm, 2011; Frank, Engelke & Schmid, 
2003). 
However, about half of children do not engage in a sufficient amount of physical activity. While new 
information and communication technologies have become a  crucial part of our daily lives, and since 
young people spend much of their leisure time with computers and mobile phones playing different 
2011). However, the new technology can be used as a motivational aid, and new devices can make young 
people pay more attention to their physical activity.  
The aim of this study was to determine the reliability of a device in measuring the physical activity of 
young children. Further, the purpose of this article was also to determine the amount of the physical 
activity engaged in by a 10-year-old boy measured with this device over a three-week period.  
Furthermore, we tried to find whether there is a difference in physical activity between school days and 
weekends.  Finally, do physical education lessons in school increase the average daily activity? The main 
research questions were the following: 
1. Is there a reliable device for measuring the physical activity of young children, and is it possible to 
measure the activity accurately? 
2. How much physical activity does a 10-year-old boy engage in as measured over a three-week period?  
3. Is there a difference in physical activity between school days and weekends?  
4. Do physical education lessons in school increase the average daily activity?  
2. Methodology 
The study was carried out as a quantitative case study, and the material collecting was performed with 
the help of a Polar Electro activity monitor. Case study research excels at bringing us to an understanding 
of a complex issue or object and can extend experience or add strength to what is already known through 
previous research. Case studies emphasize detailed contextual analysis of a limited number of events or 
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conditions and their relationships (Stake, 1995). It is correct that the case study is a detailed 
examination of a single example, but it is not true that a case study cannot provide reliable 
information about the broader class.  It is also correct that a case study can be used in the 
preliminary stages of an investigation to generate hypotheses, but it is misleading to see the case 
study as a pilot method to be used only in 
hypotheses testing, and theory building (Flyvbjerg, 2006). 
In this research, the case study method was an obvious choice. According to Gomm, Hammersley and 
Foster (2009), the objectives of the research direct the methodological choice, and the case study covers 
many different types of study. In this case it can be seen that we observed both the study participant (a 10-
year-old boy) and the efficacy of a tool (Polar Electro activity monitor). 
based on acceleration sensor technology. By sensing body movement, the device enables the wearer to 
develop a better understanding of how much beneficial exercise he or she is engaged in throughout the 
day. This equipment measures not only the quantity but also the quality of the exercise. The device 
contains a capacitive accelerometer that detects even the slightest movements of the body in, for instance, 
playground games and ball games, but in practice the Polar activity sensor is best suited for rhythmic 
activities that are done on foot, such as walking, hiking, Nordic walking, jogging and running. The 
information is provided for the wearer in a meaningful and easily quantifiable form (active time, the 
intensity of activity, calories and active steps). It is easy and comfortable to use. Without needing a chest 
strap, the wrist unit activates automatically when the wearer moves. The results can be viewed later as the 
monitor has a memory for three weeks of activity.  
The device records five levels of activity, which provide a very simple visual indication of the exercise 
workload: 
1. Rest: time spent on the bench or watching television etc. 
2. Slow walking: easy physical exercise, which maintains overall health. 
3. Walking which provides health benefits and improves fitness in most individuals. 
4. Running: regular running or jogging which is a recommended activity for advanced fitness. 
5. Fast running: running fast in short sessions improves performance and increases racing speed. 
The quantitative data was gathered by measuring the physical activity of one 10-year-old boy. The test 
participant was selected because Nupponen et al. (2010) suggest that in their study, 10-year-old boys were 
the most active. It was also determined that they are old enough to know how to handle and use the Polar 
activity monitor. In this case, the test subject was quite a typical example of someone of his age, and he 
was not involved in any sport on a competition level. He was not interested in ball games like many boys 
of his age, but he enjoyed doing several endurance activities, e.g. MTB cycling, hiking, jogging and 
orienteering. In the winter he has participated cross-country and downhill skiing, and his attitude towards 
physical exercise was positive throughout the year.  
3. Results  
The total activity time, calories and active steps of the subject were recorded over a three-week 
measurement period. Furthermore, the quantitative data was classified according to the five levels of 
activity measured with the activity monitor. After the measurement period, regular school days were 
compared against those school days which include lessons in physical education, and school days were 
further compared with weekends.  
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3.1. Total activity - steps and calories in a three-week period 
Our results show that during the observed period there was an average of 104 minutes of at least a 
moderate level of physical activity for each day. This is quite close to the general recommendations of 
physical activity given by the Young Finland Association and corroborates with the findings of Nupponen 
et al. (2010).  
According to our quantitative data, there seemed to be statistical differences between weekdays. On 
Tuesday, Thursday and Friday, there was definitely more physical activity than on the other weekdays. If 
we compare the total activity time on at least a moderate intensity level for each weekday, the most active 
day was Tuesday (139 minutes on average), followed by Thursday (127 minutes) and Friday (126.3 
minutes). Sunday was the most inactive (63.3 minutes). On Friday an average of 19709 steps were 
recorded, followed by Tuesday (18777 steps) and Thursday (18035 steps). In this case Wednesday was 
the most inactive, with 10505 steps. As this was just a case study, we need further research to find 
conclusively whether the differences between weekdays were due to differences in the school timetables 
or to other reasons. 
 
Table 1. Physical activity on different weekdays  
 Total activity 
in minutes 
Activity per 
day 
Steps per 
day 
Calories 
per day 
Min / Max 
activity 
Notes 
Total  2084 104.2 15744 2028 13 / 195  
Monday 282 94 14107 1982 74 / 130 Mathematics and native  
language in school 
Tuesday 417 139 18777 2142 122 / 160 Physical education in school  
Wednesday 227 75.7 10505 1874 64 / 97 Mostly theoretical subjects in 
school 
Thursday 381 127 18035 2137 112 / 148 Physical education in school  
Friday 379 126.3 19709 2172 98 / 162 Technical craft in school  
Saturday 312 104 16464 2047 13 /195 To
nothing is scheduled 
Sunday 190 63.3 12855 1848 46 / 80  
3.2. The intensity level of the activity 
During the observed period there was an average of 10.4 minutes of physical activity measured at 
activity level 5 (fast running).  At activity level 4 (regular running or jogging) were recorded 28.3 minutes 
on average. At a lower intensity level a markedly higher level of activity was recorded. At activity level 3 
(walking), 65.6 minutes and at activity level 2 (slow walking), 114.9 minutes, were recorded on average 
per one day during the three-week observation period.  
At intensity level 5, the most activity was measured on Tuesday (17 minutes on average per day), 
Thursday (17 minutes) and Saturday (15.5 minutes). For activity levels 3 and 4, the most physical activity 
was recorded on Friday (level 3: 93.7 minutes and level 2: 163 minutes). The most inactive days at almost 
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all intensity levels were Wednesday and Sunday.  There was no significant difference between the hours 
spent at rest on weekdays; the differences were not close to the differences noticed at other intensity 
levels.  
Some of the differences between weekdays can be explained more precisely when a closer look is 
taken of the daily activity curves. However, we can assume that physical education lessons in school 
raised the intensity of activity in our test subject. Whether the high loadings of activity on Fridays, 
especially on the level 2 and 3, were due to technical craft lessons or to other reasons needs further 
examination.  
       
Table 2. The intensity of physical activity on different weekdays   
 
Activity on 
level 5  
Activity on 
level 4 
Activity on 
level 3 
Activity on 
level 2 
Rest 
(hours) 
 
Notes 
Total  minutes  
(average in one day) 10.4 28.3 65.6 114.9 8:00  
Monday 7 29.7 57.3 104.3 8:10  
Tuesday 17 40.7 81.3 96 7:40 Physical education in school  
Wednesday 4.3 19.3 52 81.7 8:40 Theoretical subjects in school  
Thursday 17 36.3 74.7 110.7 7:58 Physical education in school  
Friday 5.7 27 93.7 163 8:40 Technical craft in school  
Saturday 15.5 33 55.5 135.5 7:40  
Sunday 7.7 14.7 41 120 7:25  
3.3. Example of a daily activity curve (a physically active day) 
On Tuesday 11.10.2011 the test subject connected to the activity sensor at 8.00 am and the first 
registered activity was the15-
9.45 am were French language and mathematics, and the activity level was definitely lower, except for 
the 5-minute change between classrooms. From 9.45 to 10.15 am there was a longer 30-minute break 
between lessons, followed by the physical education lesson (10.15-11.00 am). A higher activity level is 
clearly seen in the activity curve. Interestingly, there was not much difference between the longer break 
and the physical education lesson. A clear difference in activity level was registered again during the 
music lesson from 11.00 to 11.45 am. After that, the intensity level was again definitely higher when 
there was a longer break between lessons from11.45 to 12.15, followed by a lower intensity period from 
12.15 to 13.00 during native language lesson.  
In the afternoon the walk back home and some playground activities (13.00-15.30) are clearly seen in 
the activity curve, followed by a short period for homework (15.30-16.30) and a spontaneous training 
activity (17.00-18.00). Afterwards, during the evening routines the test subject took off the activity sensor, 
probably for a shower, and forgot to put the activity sensor on again. Therefore, some lower level 
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activities (watching television, reading, etc.) were not registered before the test subject went to sleep at 
about 21.00.  
 
Fig. 1. Example of a daily activity curve (Tuesday 11.10.2011) 
On average per day, 104 minutes of at least a moderate level of activity were recorded over the three-
week observation period. Quantitatively, Tuesday 11.10.2011 was one of the most active days during the 
three-week period, with an average of 160 minutes of measured physical activity. At activity level 5 (fast 
running), there were 16 minutes of activity.  At activity level 4 (regular running or jogging), 52 minutes 
were recorded. A total of 92 minutes was recorded at activity level 3 (walking). Finally, 128 minutes were 
recorded at activity level 2 (slow walking).  
 
Table 3. Intensity level of physical activity on Tuesday 11.10.2011   
 Activity on level 5  
Activity on 
level 4 
Activity on 
level 3 
Activity on 
level 2 
Rest 
(hours) 
Total minutes  
level 3-5 
Total  minutes (average in 
one day) 10.4 28.3 65.6 114.9 8:00 104 
Tuesday 11.10.2011 16 52 92 128 6:54           160 
3.4. Example of a school day (Friday 07.10.2011) 
On Friday 07.10.2011, the test subject connected to the activity sensor at 8.00 am, and the first 
recorded activity was the10-
am, were technical crafts, and the activity level was definitely higher than average, although the intensity 
was not as high as during physical education lessons. After that, during a longer break between lessons, 
from 9.45 to 10.15 am, the activity and intensity levels were again definitely higher than average. During 
the art lesson (10.15-11.45 am), some activity on at least a moderate level was recorded, but not close to 
the amount for physical education and technical craft lessons. Next, there was lunch, followed by a longer 
30-minute break between lessons. A higher activity level is clearly seen in the activity curve. A clear 
difference in the activity level was recorded again during the mathematics lesson from 12.30 to 13.15, 
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followed by another lower intensity period during the religious education lesson from 13.15 to 14.00.  
The school day ends with the higher intensity activity of walking home. 
 
 
Fig. 2. Example of a typical school day (Friday 07.10.2011) 
4. Conclusions and discussion 
Although some improvements can still be made to the activity measuring device, its measuring 
accuracy was quite reliable. The main problem seems to be that a three-week period is quite a long time 
for a 10-year-old child to remember to wear the activity monitor at all times. In this case, the lapse of 
memory had only a small effect on our results. The activity monitor was easy and comfortable to use. The 
wrist unit activated automatically when the wearer moved. However, some motivation was lost when the 
test subject noticed his long mountain bike excursions were not recorded properly. The wrist unit should 
be fastened on the ankle rather than on the wrist when doing cycling. In winter, the same kind of problem 
may arise for certain activities, for example, for downhill skiing. In any case, the accuracy of the Polar 
activity sensor was reliable for rhythmic activities on foot, such as walking, hiking, jogging and running. 
Our empirical data shows that for each day during the observed period, an average of 104 minutes of at 
least moderate physical activity was measured. In addition, there was 115 minutes of light physical 
activity for each day.  This is quite close to the general recommendations of physical activity given by the 
Young Finland Association and is consistent with the findings of Nupponen et al. (2010).   
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According to our quantitative data, statistical differences were seen between weekdays. On Tuesday, 
Thursday and Friday, there was definitely more physical activity than on the other weekdays. Statistically, 
Sunday was the most inactive day, with 63.3 minutes of activity on at least a moderate level, whereas the 
average of all the days was 104 minutes.  
Some of the differences between weekdays can be explained with the differences in the school 
timetable. However, we can assume that physical education lessons in school created an opportunity for 
more physical activity with greater intensity for our test subject. Interestingly, almost as much activity 
was seen in the longer breaks between lessons as in physical education. Whether this phenomenon is 
typical of all children or just for the most active group, which is assumed to be 10-year-old boys, needs 
further research. Likewise, a great deal of physical activity was observed in technical craft lessons with a 
slightly lower intensity than in physical education lessons. This is an interesting finding as well. Uno 
Cygnaeus introduced craft education as a compulsory school subject already 1863 not only for 
technological reasons, but because technical craft education was one way to increase the physical activity 
of young children (Kananoja, 1991; Olofsson & Thorsteinsson, 2009).     
Although new information and communication technologies have become a crucial part of our daily 
lives, and since young people spend much of their leisure time with computers and mobile phones playing 
different games, it seems that children have a natural ability to move. What is more, it is has been shown 
that a physically active child will in all probability grow into a physically active adult (Fogelholm, 2011; 
Frank et al. 2003). According to this study, we can conclude that the 10-year-old boy in our case study 
engages in enough physical exercise and that the activity can be measured accurately. For more details, 
we need more evidence with larger study groups. These efforts are being continued in several related 
projects. 
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